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Histology is a traditional core basic science component of most medical and dental edu-
cation programs and presents a didactic challenge for many students. Identifying students
that are likely to struggle with histology would allow for early intervention to support
and encourage their learning success. To identify student characteristics that are associ-
ated with learning success in histology, three first-year medical school classes at the Uni-
versity of Michigan (>440 students) were surveyed about their educational background,
attitudes toward learning histology, and their use of histology learning strategies and
resources. These characteristics were linked with the students’ quiz and examination
results in histology. Students who reported previous experience in histology or pathology
and hold science or biomedical science college degrees usually did well in histology.
Learning success in histology was also positively associated with students’ perception
that histology is important for their professional career. Other positive indicators were
in-person participation in teacher-guided learning experiences, specifically lecture and
laboratory sessions. In contrast, students who relied on watching histology lectures by
video rather than going to lectures in-person performed significantly worse. These char-
acteristics and learning strategies of students who did well in this very visual and chal-
lenging study subject should be of help for identifying and advising students early, who
might be at risk of failing a histology course or component. Anat Sci Educ 8: 1–11. VC 2014
American Association of Anatomists.
Key words: histology education; microscopic anatomy; medical education; microana-
tomy; virtual microscopy; educational technology; e-learning; study habits
INTRODUCTION
Histology is usually taught during the initial phase of medical
and dental curricula and poses several unique challenges to
new learners. Few students have previously been exposed to
histology or pathology during their college education and the
interpretation of microscopic images requires some visual per-
ceptive and analytical abilities (Notzer and Aronson, 1979;
Hamilton et al., 2009; Helle et al., 2010, Holaday et al.,
2013). As a result, a number of students find the material dif-
ficult to learn and need extra time and didactic support to
develop a successful study strategy. Considering that the over-
all hours of instruction in histology at medical and dental
schools in the United States has consistently declined in the
past decades, this should be of special concern (Drake et al.,
2009; Burk et al., 2013). Although a variety of factors might
potentially influence learning success at the medical school
level, the project described in this publication started with
the hypothesis that there may be some identifiable character-
istics of students who struggle in histology and other charac-
teristics of students who do well in histology. In the analysis
reported here, several common characteristics were identified
among students who are successful learners of histology in
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contrast to those who are at risk of failing a histology course
or component.
Several studies have looked at overall predictors of stu-
dents’ academic success in medical school and most report no
or only a weak association with academic performance prior
to medical school (Rhoads et al., 1974; Dickman et al.,
1980; Zeleznik et al., 1983; Canaday and Lancaster, 1985;
Koenig, 1992; Smith, 1998; Huff and Fang, 1999; Ferguson
et al., 2002; Lievens et al., 2002; Tektas et al., 2013). In con-
trast, very few studies have tried to associate academic back-
ground and learning success for specific subjects that are
taught during the first two years of medical school (Steele
and Barnhill, 1982; Forester et al., 2002). For histology or
pathology only specific variables, such as premedical course-
work and visual perceptual abilities, have been evaluated for
their impact on students’ learning (Forester et al., 2002; Helle
et al., 2010). In addition, several studies investigated how
specific teaching modalities, such as online course organiza-
tion, virtual microscopy, and computer-assisted teaching tools
(Ogilvie et al., 1999; Bloodgood and Ogilvie, 2006; Triola
and Holloway, 2011), influence students’ learning in histol-
ogy. Several of these learning resources were reported to be
associated with increases in students’ engagement and learn-
ing outcomes (Heidger et al., 2002; Lei et al., 2005; Kumar
et al., 2006; Husmann et al., 2009). However, none of these
studies tried to develop a comprehensive profile of students
doing well or of students receiving failing grades in histology.
Only few publications describe successful general strategies,
such as improving study skills, that help students in academic
trouble to remediate their deficiencies (Cleland et al., 2013;
McLaughlin et al., 2013; Stegers-Jager et al., 2013) and none
addresses students specifically at risk of failing a histology
course or component.
In this report, the educational background, motivation,
learning strategies, and resource usage of three first-year
medical school classes at the University of Michigan were
linked with their learning success in histology as measured by
their end-of-year cumulative quiz and examination perform-
ance (final cumulative histology score). The results indicate
that a number of different factors are associated with stu-
dents doing well or with students scoring low on histology
examinations. This knowledge should be helpful in identify-
ing students who might be at risk of failing this basic science
subject.
MATERIALS AND METHODS
Histology as Part of the Medical School
Curriculum at the University of Michigan
The University of Michigan Medical School’s (UMMS) inte-
grated curriculum is designed to lead to an M.D. degree
within a 4-year period. Approximately, 170 students enter
this program each year. About 10–12 students each year are
simultaneously enrolled in the Michigan Medical Scientist
Program (MSTP), which leads to an M.D., as well as a Ph.D.
degree. Work for the Ph.D. degree is usually inserted between
Years 2 and 3 of the M.D. program. During the first year of
Medical School (M1), histology is taught in eight organ-
system-based sequences from September through March.
Each one of these sequences contains one to five traditional-
style histology lectures, which are followed by 3-hour long,
faculty-guided laboratory sessions. In total, the M1 histology
component offers 26 hours of lectures and 21 laboratory ses-
sions. Each laboratory session begins with a PowerPoint
introduction to the virtual slide material lasting approxi-
mately 30 min. Subsequently, students have the opportunity
to work on their laboratory assignments using the histology
website (UMMS, 2014) in the presence of histology teaching
faculty. During these sessions, they also have the option of
viewing histological glass slides with light microscopes, which
are set up in one of the laboratory rooms. Poster-size, labeled
electron micrographs are displayed in the hallways outside
the laboratory rooms and remain available to students
throughout each sequence period. Lecture handouts and labo-
ratory introduction PowerPoint files can be downloaded by
the students from the UMMS histology website (UMMS,
2014). Paper copies of the lecture handouts are also made
available to all students prior to all lectures.
Histology Resources Available to M1 Students
at the University of Michigan
The UMMS histology website (UMMS, 2014) serves as the
central access point for many of the electronic learning tools
available to University of Michigan medical students. The
website not only allows the downloading of password-
protected histology resources (lecture handouts and various
series of PowerPoint files), but also contains learning objec-
tives, laboratory instructions, and links to the University of
Michigan virtual slide collection, which are openly accessible
under a Creative Commons license. At the end of each
organ-organized web section, are a number of review prob-
lems and multiple-choice practice questions. Students may
access the virtual histology slides outside of scheduled labora-
tory hours, thus they can complete laboratory assignments
without faculty assistance. Attendance of histology lectures
and laboratory sessions is neither compulsory nor docu-
mented. The supplemental study resources, which were cre-
ated by Michigan histology teaching faculty members,
include histological Whiteboard Drawings (as PowerPoint
files) and Summary Sheets (PDF files; this resource was not
available to the first class participating in the survey) which
both summarize the most salient points of a study topic in
either graphic or table format, Labeled Micrograph Power-
Point files with annotated still shots of virtual histology
slides, “Review and Look-Alike” PowerPoint files that specif-
ically address similarly-looking histological structures and tis-
sues, and the “SecondLook” PowerPoint series that provides
students with a self-evaluation tool to test their preparedness
before quizzes and examinations (UMMS, 2013). The pur-
chase of one of the following histology textbooks or atlases
was strongly recommended at the beginning of the M1 histol-
ogy component, but was not an enforced requirement: Young
et al., 2006; Ross and Pawlina, 2011; Mescher, 2013.
Lecture Video Capture System
All lectures, but none of the laboratory sessions, are video-
recorded and these video recordings are available for replay
and download from a password-protected website. During
the 2010–2011 academic years, the video encoding and
streaming system, Helix Universal Mobile Server, version
14.0.0.348, (RealNetworks Inc., Seattle, WA) was used. It
only recorded the lecture slides and the voice of the lecturer.
Enounce 2xAV software (Enounce Inc., Palo Alto, CA) was
offered as an add-on to provide students with the ability for
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multispeed playback. For video download (including use on
mobile devices such as iPhones), Wirecast, version 2.6.2 soft-
ware (Telestream Corp., Nevada City, CA) was used. Starting
with the 2011–2012 academic year, the MediaSite video cap-
turing system, version 5.5, (Sonic Foundry Inc., Madison,
WI) was used. The MediaSite playback software, version 6.1,
(Sonic Foundry Inc., Madison, WI) allows learners to simul-
taneously view both the lecturer video image and the screen
capture window synchronously in the same window.
Examination of Students’ Knowledge in
Histology
All University of Michigan M1 students are tested for their
proficiency in various subjects by weekly online quizzes and
an end-of-sequence final examination. Each student is
required to attain an overall 75% average for each sequence
to receive a Pass. No letter grades are given during the first
two years of the 4-year Michigan M.D. program. Usually, a
total of eight multiple-choice-based questions are asked per
histology lecture and laboratory session. The final cumulative
histology score is based on about 180 questions over the
course of the entire M1 histology component and is used in
the analysis presented here as the measure of students’ learn-
ing success in the M1 histology component.
Structure of the Survey and Data Collection
The results presented in this article are derived from an
online survey that was administered following the final his-
tology module of the first-year histology component to the
UMMS classes of 2014, 2015, and 2016. The survey items
were initially drafted by the histology component director
(M.H.) whose experience in histology education, and knowl-
edge regarding the various resources and study patterns com-
mon to students at our institution, promoted content validity.
The survey then underwent a careful review and editing pro-
cess. The involvement of two medical students (D.S. and
L.W.H.), who provided significant input as peers of the target
audience, was key to this process. Further, a faculty member
with expertise and significant experience in survey research
methodology (J.P.) also contributed to the review and editing
process. Participation was entirely voluntary, but was encour-
aged by the random drawing of four $70 cash prizes from
among participating students. The survey was constructed
using the Qualtrics online survey service (Qualtrics, 2014)
and consisted of 20 question sets. Each question set
addressed between one and 18 different points or resources
with ranges of two to five possible answers. For instance, stu-
dents responded to questions regarding their histology study
habits and their use of 18 different histology educational
resources. For each resource, students were asked how fre-
quently they used that resource on a five-point Likert scale
(“Always”, “Frequently”, “Moderately”, “Rarely”, or
“Never”), and were also asked whether their use of that
resource increased, decreased, or stayed the same over the
course of the academic year. Four questions allowed partici-
pating students to enter a text-based, open-ended response.
Demographic characteristics and past educational experiences
were also assessed. Survey questions established personal
background, such as type of college major, time since gradua-
tion, previous relevant coursework, and laboratory experien-
ces. The use of the following available histology resources
was also evaluated: lecture attendance, lecture videos, labora-
tory sessions, and usage of PowerPoint files, manuals, text-
books, and other available resources. Additional questions
focused on histology study habits, specifically individual ver-
sus study group and study time spent per lecture topic. Not
all participating students answered all questions, resulting in
some variability in the N of total responses to each question.
Prior to the analysis of the data, a study contributor who
was not personally involved in teaching the M1 histology
component linked survey responses with the overall cumula-
tive histology examination results and rendered all survey
responses anonymous. Before the administration of the sur-
vey, the project received an Institutional Review Board (IRB)
exemption from the University of Michigan medical IRB
panel (application number HUM00048823).
Statistical Analysis of Data
To perform statistical analysis, IBM SPSS Statistics, version
19 (IBM Corp., Armonk, NY) was used. Descriptive statistics
including percentages, means, and standard deviations were
calculated to summarize student response patterns for the
various survey items. When comparing mean final cumulative
histology scores for groups, we used two-tailed paired-sample
t-tests (to compare only two groups’ means) and one-way
ANOVA with Tukey’s B post hoc tests (when comparing
more than two groups’ means). We used a P-value<0.05 as
the standard for statistical significance and a P-value< 0.01
as highly significant.
RESULTS
Association between Students’ Background
Characteristics and Final Cumulative Histology
Score
In the first set of survey questions, the educational back-
ground of participating students was assessed. Students were
asked whether they had worked in a basic science research
laboratory during the last 5 years, whether they had been
exposed to histology or pathology before medical school,
whether they were MSTP students, whether they were color-
blind, about their undergraduate major, and the number of
years that had passed between graduation from undergradu-
ate studies and starting medical school. The average final
cumulative histology score grade was linked with student’s
survey answers and tested for statistically significant differen-
ces. The results for the questions asking about student’s edu-
cational background are shown in Tables 1 and 2. Several
items did not demonstrate statistically significant differences.
Students with previous work experience in a basic science
research laboratory did not score better in histology examina-
tions. However, students who reported to have been previ-
ously exposed to histology or pathology exhibited a
significantly better final cumulative histology score than those
who did not (Table 1). MSTP students scored better than
those not in the MSTP program. However, this difference
approached but did not reach statistical significance. Also,
students reporting being colorblind did not score significantly
worse than students with no such handicap. Although the
time passed since graduating from college was not signifi-
cantly associated with students’ performance in histology
(Table 1), there was a significant difference in the final
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cumulative histology scores based on the type of undergradu-
ate major (Table 2). Students with a biomedical degree (Biol-
ogy, Biomedical engineering, Biochemistry, Cell and
Molecular Biology, and others) scored significantly better in
histology than students who received a nonscience degree
(Business administration, Languages, Music, History, etc.).
Students who received a science degree that was not in a bio-
medical field (such as Physics, Mathematics, Engineering, and
others) had an intermediate final cumulative histology score
with no significant difference from the two other groups.
Association between Students’ Study Attitude/
Habits and Final Cumulative Histology Score
In a second set of survey questions, students were asked
about their histology study habits and their attitude toward
learning histology. These answers were again linked with stu-
dents’ final cumulative histology performance and tested for
statistically significant differences. Quantitative results for
these questions are displayed in Table 3. Although there is a
slight increase in the final cumulative histology score with
increased study time, a statistical analysis indicated it is not
significant. Similarly, the few students reporting that they
“never” or “rarely” studied histology alone had final cumula-
tive histology scores above the mean of all participating stu-
dents. However, the ANOVA P value of 0.055 did not breach
the threshold for statistical significance. In contrast, when
students were asked how relevant they believed histology to
be to their future professional career, their answers from
“Not at all relevant” to “Very relevant” associated with their
final cumulative histology scores to a highly significant
degree (Table 3).
Association between Students’ Resource
Usage and Final Cumulative Histology Score
A third group of survey questions asked students for their use
of specific histology learning resources, such as lectures, lec-
ture videos, laboratory sessions, and a number of supplemen-
tal traditional and electronic learning tools. Only a few
reported usage-frequencies of these supplemental learning
resources exhibit a statistically significant association with
the final cumulative histology examination score (Table 4).
Specifically, the use of online multiple-choice practice ques-
tions was highly significantly associated with a high final
cumulative histology score. A comparison of histology labo-
ratory attendance with the use of the laboratory introduction
PowerPoint file and the medical histology website outside of
laboratory hours also indicates that higher final cumulative
histology scores are statistically linked to in-person attend-
ance of these learning opportunities (Table 4). When asking
students whether they attended lecture in person or watched
a downloadable, recorded lecture video, differences in final
cumulative course scores were highly significant (Fig. 1).
Tukey’s B post hoc tests comparing mean final cumulative
histology scores between students grouped according to their
response to the question about attending lecture in person,
found that students who indicated they “always” attended
lecture had the highest mean score (90.14%), and they dif-
fered significantly from those who indicated “moderate”
attendance (87.14%) and “rare” attendance (87.30%).
Tukey’s B post hoc tests for viewing lecture videos indicate
that those students reporting “frequent” use of videos had
the lowest final cumulative examination score (86.71%), and
this group differs significantly from those reporting “rare”
use (89.27%) or “never” using lecture videos (90.50%).
Additionally, students indicating they “never” used lecture
videos also did better and differed significantly from those
indicating a use of lecture videos at a “moderately”
(87.15%) or “always” (88.06%) level.
DISCUSSION
This report presents an analysis of various factors that affect
medical students’ academic performance in histology. As
learning is an individual and highly complex process, it was
expected that the study would identify a number of elements
with varying degrees of influence on how students learn and
perform in this basic science subject. Some of these factors
are related to students’ educational background and specific
Table 1.
Statistical Analysis of Final Cumulative Histology Scores and Students’ Personal and Educational Background Characteristics
Question
Yes
Mean (6SD) N
No
Mean (6SD) N T-testb; P-value
Have you worked in a
basic science research
laboratory in the last 5 years?
88.50 (66.09) 326 88.40 (65.44) 116 0.056; 0.955
Have you been exposed to
histology or pathology before
medical school?
89.50 (65.90) 146 88.00 (65.89) 298 2.44; 0.015a
Are you in the University of
Michigan MSTP Program?
90.20 (65.02) 33 88.40 (65.99) 410 1.70; 0.057
Are you colorblind? 87.19 (66.25) 13 88.50 (65.91) 429 20.79; 0.429
aP< 0.05.
bTwo-tailed independent-samples T-test.
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abilities or challenges, others to learning strategies that are
adopted by individual students and the use of various learn-
ing opportunities that are offered. In addition to the aspects
that were identified in this study, additional parameters that
make students successful or struggling histology learners
most likely exist and remain to be elucidated.
Association between Students’ Background
Characteristics and Final Cumulative Histology
Score
Any class of medical students at any medical school will
likely have a wide range of educational backgrounds. Multi-
ple studies from different countries indicate that premedical
grades and the type of college degree have little or no impact
on students’ general success in medical school (Zeleznik
et al., 1983; Smith, 1998; Ferguson et al., 2002; Dixon,
2012; Tektas et al., 2013). Two reports indicate that students
with a nonscience undergraduate degree are not at higher
risk of academic trouble in medical school than students with
an undergraduate degree in a science field (Dickman et al.,
1980; Huff and Fang, 1999). In contrast, when looking at
learning success in histology during the first year of medical
school, the type of undergraduate college degree was highly
associated with the final cumulative examination score for
histology. This indicates that although students with a non-
science background are not generally disadvantaged to suc-
ceed in medical school, they might struggle at least initially
in specific subjects, such as histology. In addition, a previous
exposure to histology or pathology provides a statistically sig-
nificant advantage (Table 1). This finding supports two ear-
lier studies, which reported that premedical experience in
histology improves the performance in medical histology
courses (Canaday and Lancaster, 1985; Forester et al., 2002).
Canaday and Lancaster (1985) reported no similar effect for
several other first-year medical school subjects, specifically
gross anatomy, biochemistry, or embryology.
As the academic requirements for a student to be admitted
into the University of Michigan MSTP are especially high, a
survey question also asked for membership in the program to
find out whether these students perform better in histology
than non-MSTP M1 students. Members of the University of
Michigan MSTP had a higher cumulative histology grade
than their classmates (Table 1). However, this difference
(P5 0.057) did not breach the threshold for statistical signifi-
cance. It should be noted that the number of MSTP students
is relatively small (33 respondents) and it is possible that the
difference in the final cumulative histology score might
become statistically significant if a larger number of students
were sampled.
As histology has a central visual component, colorblind
students might have a disadvantage in recognizing and inter-
preting histological images. Poole et al. (1997) reported that
deficiencies in color vision associate with an increase in diag-
nostic errors by histopathology and laboratory professionals.
Our data obtained from 13 medical students, who reported
to be colorblind, indicated a slightly lower final cumulative
histology score that did not approach statistical significance
(P5 0.429; Table 1). Personal interactions with some of these
students revealed that many colorblind individuals develop
compensatory strategies when learning histology, which
appear to at least partially negate their disadvantage in ana-
lyzing colored histological images. Still, special care shouldT
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be taken when developing histology teaching resources or
formulating histology examination questions to minimize
the handicap these students are facing.
Association between Students’ Study
Attitude/Habits and Final Cumulative
Histology Score
To assess students’ motivation to learn histology, students
were asked for their view regarding how relevant histology
is for their future career as a physician. As one might
expect, students who placed a higher relevance on histology
as an important component of their medical education had
significantly higher final cumulative histology scores than
those students who felt histology to be not or only of minor
relevance (Table 3). It is well-documented that motivation is
an important factor for medical students to develop sophis-
ticated and successful learning strategies (Rhoads et al.,
1974; Sobral, 2004; Kusurkar et al., 2011). However, given
that this is a retrospective study, it is also possible that stu-
dents who did well in histology reported they believed it to
be relevant to their future career to further reward them-
selves for their success. One might postulate that motivated
students spend more time studying specific subjects, result-
ing in a better educational outcome. However, no associa-
tion between self-reported hours of study time for histology
and the final cumulative histology score was observed. This
result might be due to students who struggle with the mate-
rial are spending more time studying to compensate and to
achieve a passing grade.
Small group learning has been reported to improve aca-
demic performance in higher education (Herreid, 1998; Lou
et al., 2001). A previous report indicates that University of
Michigan first-year medical students overwhelmingly prefer
to study histology alone rather than in small groups, a tend-
ency that increases over time (Holaday et al., 2013). Link-
ing the self-reported frequency of studying alone with final
cumulative histology examination scores indicates that stu-
dents, who studied at least occasionally with classmates,
score slightly better (Table 3). An ANOVA analysis yielded
a P value of 0.055, which approached, but did not breach
statistical significance. Again, as the number of students
who preferred studying in a group over alone was very
small (only 14 students reported to “never” or “rarely”
study alone), a larger cohort of surveyed students might
shed better light on the effect of small group learning for
histology.
Association between Students’ Resource
Usage and Final Cumulative Histology Score
As reported previously, first-year medical students generally
prefer interactive electronic learning resources for histology
over scheduled traditional learning opportunities (Holaday
et al., 2013). The use of most of these electronic resources
increased as the academic year progressed, whereas tradi-
tional didactic resources were used less. Table 4 shows how
the reported use of different histology learning resources
associates with final cumulative histology scores. As most of
the offered supplemental learning resources serve rather spe-
cific needs, their use is usually not associated with students’
final cumulative histology scores. This is especially true if
too few students or almost all students used a specificT
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resource (e.g., 348 of 444 students reported that they “never”
used a histology textbook and the SecondLook resource was
“always” used by 421 of 443 students). One notable excep-
tion is the use of the sample questions at the end of the his-
tology laboratory webpage, which are highly significantly
associated with final cumulative histology scores (Table 4; P
value< 0.001). As they have a multiple-choice format, they
best simulate the actual quiz and examination questions from
which the final cumulative histology scores were derived.
Attending the laboratory introduction presentation in person
and working on the laboratory assignments while faculty
members are present to answer questions is significantly asso-
ciated with a positive learning outcome. This should be a
concern as the number of faculty contact hours for teaching
histology is decreasing at many North American medical and
dental schools (Drake et al., 2009; Burk et al., 2013).
Attending histology lecture presentations in person associ-
ates with better final cumulative histology scores at a high
level of statistical significance, whereas viewing the lecture
video exhibits a highly significant negative association. Video
recordings of lectures that can be viewed at any time are very
popular with dental and medical students (Nieder and Nagy,
2002; Jham et al., 2008; Holaday et al., 2013). In part, this
may be due to students’ incorrect assumption that recorded
lectures speed up learning (Cardall et al., 2008). However, an
earlier report suggests that although lecture video recordings
are popular with medical students, they do not improve final
grades (Bacro et al., 2010). At many medical schools, includ-
ing the University of Michigan, the availability of lecture
recordings is used as a recruitment tool (Kanter, 2012). The
observation that medical students who attend lectures in per-
son achieve significantly better grade point averages and
National Board of Medical Examiners (NBMEVR ) Step 1
scores is not new (Sade and Stroud, 1982). However, it
should be noted that the study by Sade and Stroud (1982)
precedes the availability of lecture video recordings. That
makes the result, which associates the use of video recordings
with a decrease in histology examination performance, a
Figure 1.
Final cumulative histology scores of students attending lectures in person and/or using online lecture videos. Numbers in parenthesis indicate the number of students
and the bars in the boxes on the right and below represent 95% confidence intervals. The red lines mark the overall final cumulative histology score average for all
survey respondents. ANOVA analyses of students’ final cumulative histology scores with reported live lecture attendance and with their use of lecture videos, respec-
tively, both resulted in P-values <0.001.
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tantalizing observation. Due to a lack of more detailed infor-
mation, one can only speculate about the reasons for the
observed association. It is reasonable to assume that students
use lectures and lecture videos in different ways that either
foster or discourage learning. As some students use both
forms of delivery, and as the availability of lecture videos
allows students to view missed lectures and to clarify uncer-
tainties, the results presented here are in agreement with
other studies that lecture videos, if used in combination with
live lectures, have a useful place in higher learning (Gupta
and Saks, 2013). The data depicted in Figure 1 suggest that
regardless of their decision whether to attend lectures in per-
son or to view lecture videos, students who “Always” use a
chosen learning resource perform better than their peers who
do not consistently use a single study method. As reported by
Thatcher et al., “Always” attending lectures is the best indi-
cator for academic success in an undergraduate psychology
class (Thatcher et al., 2007). A study of Belgian medical stu-
dents demonstrates that students who score high for consci-
entiousness in a psychological test perform better in
preclinical medical school examinations (Lievens et al.,
2002). Therefore, students who are not performing well in a
histology course might be well advised to attend lectures and
laboratory sessions regularly. These results might even suggest
that lecture and laboratory attendance should be compulsory.
However, as this might negatively impact students’ motiva-
tion to learn and to participate, a good case has been made
against compulsory class attendance in higher education (St
Clair, 1999).
Identifying and Advising Histology Learners in
Academic Trouble
The results from this analysis should help in identifying
groups of students who might not do well in a histology
course. However, it will be up to the course director or the
Academic Review Board to single out those individuals, who
are performing at or below the required level of expertise
and to initiate an effective counseling program that addresses
those individuals’ needs. At the UMMS, this task falls to the
Academic Review Board. Students, who have a cumulative
histology quiz and examination score below the required
75% level, are advised to meet with the histology component
director to discuss how they can improve their histology test
results. Often these students fall into one or several of the
various groups identified as at risk in this study of failing the
histology component. Based on the results of this study, we
now advise these students to change their study strategy and
study habits to emulate those students, who do well in histol-
ogy. The simple advice to attend lectures and laboratory ses-
sion in person often results in considerable improvements in
the examination scores of individual students and in their
motivation to learn histology.
Limitations of the Study
As this study relies on students’ self-reported study habits and
use of various histology learning resources, it should be noted
that the survey is retrospective in design. Therefore, the num-
bers should rather be viewed as representative trends rather
than exact quantitative measurements of actual students’
behavior. However, our own casual observations (lecture and
laboratory attendance) and many informal conversations
with individual students are in good agreement with the sur-
vey answers given by three classes of first-year medical stu-
dents. Because our report is based on a specific educational
environment and curriculum, the range of instructional mate-
rial and the characteristics of the student population may dif-
fer to some extent from other educational institutions.
However, a significant number of specific elements are likely
to be the same or similar. Therefore, many of the conclusions
that can be drawn from the results presented here should
equally be applicable to other programs. The conclusions pre-
sented here might be helpful in identifying groups of students
at other institutions who are at risk of not performing well in
a histology course or component. However, as each student
has his/her own optimal learning style (Newble and Entwis-
tle, 1986), individualized solutions and learning support will
be crucial for effective advising and counseling. Finally, there
are many additional nontechnical skills that could influence
success in the histology component, for example, communica-
tion skills, efficiency, and stress management. However, as
these are difficult to measure using a retrospective survey, we
were not able to address them directly.
CONCLUSIONS
This study identifies several factors that are linked to high or
low final cumulative histology examination scores of first-
year medical students. A biomedical science college major
and previous histology or pathology experiences are positive
indicators for learning success in a medical school histology
component. The perception that histology is relevant for a
successful medical career and the participation in faculty-
guided learning opportunities are associated with academic
success, whereas a view that histology is not relevant to the
student’s future profession and a reliance on lecture video
watching is inversely associated with final cumulative histol-
ogy scores. These findings should be useful for curriculum
development, as well as for identifying students who may
require extra resources or support to learn histology.
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